Introduction
Living labs are one of the most prominent and growing areas within the popular open innovation paradigm. The potential of living labs has been acknowledged globally because they offer a fruitful architecture for deploying open innovation through user involvement and co-creation mechanisms (Nyström et al., 2014) . The European Network of Living Labs (ENoLL) has over 150 active living lab members worldwide, but the organization has recognized more than 400 living labs since its inception in 2006. While some members eventually disengage from operations for one reason or another, each call for members brings a new "wave" of applicants from around the world. Simultaneously, there has been a parallel wave of increasing scholarly research on living labs.
Along with seven special issues (2012, 2013a, 2013b, 2015, 2016, 2017a, 2017b) and numerous additional articles on living labs in other issues, "living labs" has been a prominent theme in the TIM Review (McPhee et al., 2017a) . Those contributions have been of relevance to scholars and practitioners of collaborative innovation, and the journal has played a considerable role in the transformative debate on living labs (Steen & van Bueren, 2017) . That said, after all these years, the literature still remains sparse in terms of guidance on how to establish a living lab and how to run and manage it to create value for its stakeholders. Innovation in living labs builds on exposing participants to real-world problems and "understanding, learning, and sharing among the involved stakeholders" (Ståhlbröst & Holst, 2017) , but those launching and running living labs often have to learn their lessons the hard way, and every new study on living labs is a valuable and helpful source of information.
Despite the remaining gaps, there have been numerous scholars working on the area for over a decade, and research on living labs has become increasingly finegrained . At the same time, living labs is a conceptually challenging and multifaceted area. Some fundamental aspects of living labs remain This study applies topic modelling analysis on a corpus of 86 publications in the Technology Innovation Management Review (TIM Review) to understand how the phenomenon of living labs has been approached in the recent innovation management literature. Although the analysis is performed on a corpus collected from only one journal, the TIM Review has published the largest number of special issues on living labs to date, thus it reflects the advancement of the area in the scholarly literature. According to the analysis, research approaches to living labs can be categorized under seven broad topics: 1) Design, 2) Ecosystem, 3) City, 4) University, 5) Innovation, 6) User, and 7) Living lab. Moreover, each topic includes a set of characteristic subtopics. A trend analysis suggests that the emphasis of research on living labs is moving away from a conceptual focus on what living labs are and who is involved in their ecosystems to practical applications of how to design and manage living labs, their processes, and participants, especially users, as key stakeholders and in novel application areas such as the urban city context.
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timreview.ca Mika Westerlund, Seppo Leminen, and Mervi Rajahonka dispersed, and there is not one commonly accepted definition of "living lab". This issue is highlighted by Steen and van Bueren (2017) , who reviewed over 30 articles on living labs published in the TIM Review in order to compare how different authors have defined living labs, and by the fact that the ENoLL website actually provides three definitions for living labs (enoll.org/ about-us/). According to ENoLL's primary definition, living labs are "user-centred, open innovation ecosystems based on systematic user co-creation approach, integrating research and innovation processes in real life communities and settings". The view is in concordance with, for example, Leminen, Westerlund, and Nyström (2012) , who define living labs as "physical regions or virtual realities in which stakeholders form public-privatepeople partnerships (4Ps) of firms, public agencies, universities, institutes, and users all collaborating for creation, prototyping, validating, and testing of new technologies, services, products, and systems in reallife contexts."
A Topic Modelling Analysis of Living Labs Research
The increasing number of studies on living labs is beneficial to scholars and practitioners, but it also brings about challenges in terms of understanding the key research streams in the area. The more research that gets published, the more information there is to be read. Fortunately, novel technologies in the era of big data and machine learning provide opportunities to examine large corpora of text in easy and convenient ways. Text mining techniques can be used to extract knowledge from unstructured or semi-structured textual data, and they have widespread applications in analyzing and processing textual documents. Such text analytics enable the discovery of previously unknown information by automatically extracting information from various written resources (Moreno & Redondo, 2016) . Further, combining textual mining techniques with bibliometric analysis helps us discover more unseen patterns in research fields than with simple bibliometric analysis alone (Nie & Sun, 2017) .
One of the most efficient text mining techniques is topic modelling, and it is gaining popularity among scholars in diverse fields (Alghamdi & Alfalqi, 2015) . Here, we use topic modelling to analyze a corpus of 86 publications on living labs published in the TIM Review from 2011 to 2017. The analysis provides us with key topics in living labs research and their trends over the examined period of six years, which is comparable with McLoughlin and colleagues (2018) , who utilized other bibliometric analysis techniques and datasets to understand topics and trends in living labs.
The article is structured as follows. First, we discuss the essentials of topic modelling. Then, we explain the method, including the data and tool(s) used for the analysis. Thereafter, we provide the results. The article concludes with a summary and discussion of contributions of our results to research on living labs, as well as limitations of the current study and future research avenues.
Topic Modelling
In today's era of booming interest in big data analytics by scholars and businesses, topic modelling provides a convenient way to analyze big unclassified text (Alghamdi & Alfalqi, 2015) . Since topic modelling was first proposed, it has received a lot of attention and gained widespread interest among researchers in many research fields (Liu et al., 2016) . Put shortly, topic modelling is a text-mining technique for discovering topics in documents (Blei, 2012) . A topic contains a cluster of words that frequently occur together, and topic modelling can connect words that have similar meanings and can distinguish between uses of words with multiple meanings (Alghamdi & Alfalqi, 2015) . Given that text documents are composed of words, a topic covered in more than one document can be expressed by a combination of strongly related words, and any given document can be associated with more than one topic (Jeong et al., forthcoming) . Thus, topic modelling is a technique that can be used to infer hidden topics in a collection of text documents (Jeong et al., forthcoming) . According to McPhee and co-authors (2017a), the two key outputs from generating a topic model on a collection of documents are: 1) a list of topics (i.e., groups of words that frequently occur together) and 2) lists of the documents that are strongly associated with each of the topics. Ideally, each topic should be distinguishable from other topics.
There are multiple techniques and algorithms that can be used when data mining text documents. Among them, Latent Dirichlet Allocation (LDA) has gained popularity, as it is known to have the highest performance among several topic modelling algorithms when dealing with large-scale documents and interpreting identified latent topics (Jeong et al., forthcoming) . LDA was introduced by Blei, Ng, and Jordan (2003) as a generative probabilistic model for collections of discrete data such as text corpora; in particular, it was described as a three-level hierarchical Bayesian model. LDA-based topic modelling is a useful and increasingly applied technique for latent topic identification from a 42 timreview.ca Mika Westerlund, Seppo Leminen, and Mervi Rajahonka large corpus (Jeong et al., forthcoming) . It can be applied to text corpora comprising scholarly papers, and because it uses machine learning and has no critical presumptions on the meanings of the words, it works with texts in any discipline. For example, Nie and Sun (2017) used LDA-based topic modelling to identify research trends in design; Amado and colleagues (2018) applied it to analyze research trends on big data in marketing; and Antons, Kleer, and Salge (2016) used the technique to identify topics published in an innovation management journal over a period of three decades. As a probabilistic method, it works particularly well with large corpora; Sehra and co-authors (2017) analyzed a corpus of 1178 articles to identify research trends in software effort estimation, and Mathew, Agrawal, and Menzies (forthcoming) analyzed over 35,000 papers from software conferences.
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Method
We performed the analysis using the J-Tool application for topic modelling developed by Carleton University. The J-Tool is an in-browser application that allows researchers to quickly and easily perform LDA-based topic modelling analyses on TIM Review articles or other textual corpora. The TIM Review (timreview.ca) is a monthly scholarly publication focused on technology innovation and entrepreneurship, and the publications in each issue typically revolve around a special theme introduced by the editor or guest editor(s). With the J-Tool, the researcher can analyze textual data using topic modelling, visually explore relationships of these papers, examine topic trends over time, examine author contributions, and export citations in selected formats. The J-Tool is based on open source components and, although still in a development stage, it can help scholars and students of technology innovation management to perform text data mining analyses on topics relevant to the discipline, as well as current and prospective authors of the TIM Review to gain understanding of the published research in the journal.
The first research article focused on living labs in the TIM Review was published in the October 2011 issue of the journal. Thus, we performed the analysis using the following settings: 5. Topic threshold: apply a topic threshold of 30% to maximize the number of publications to be included in the topic modelling analysis Whereas topic threshold value sets a floor for the given topic's proportions in retrieved documents, setting a lower threshold is considered useful when maximal recall is desired (Talley et al., 2011) , such as in our study.
That said, we also performed the analysis using 70% topic threshold, which results in fewer works involved in the analysis. The topics seemed fairly similar to those resulting from using a 30% threshold, suggesting that a lower topic threshold would not cause significant bias in the results. Finally, we used the J-Tool's default settings for stop words (i.e., common words such as "a" or "the" and domain-specific words such as "issue" or "editorial" that are to be ignored because they do not relate to the subject matter specifically), and we opted for a visualization of the results that explicates bridging articles (articles that connect multiple topics), big topics (topics that are a compound of articles as variables), and variable link lengths (reflecting loadings of articles to topics).
In summary, we included all issues of the TIM Review since the first issue in late 2011 until late 2017, the endpoint reflecting the version of the publication database connected with the J-Tool topic modelling tool that we used. The overall data covering six years of the TIM Review comprised more than 70 journal issues with almost 450 publications. In particular, the data comprised seven special issues devoted to living labs. As a result of using "living lab" as a key term, we obtained a corpus of 86 publications that were analyzed using the J-Tool topic modelling tool. The resulting corpus included 54 research articles; the remaining publications were editorials, public lecture reports, and short communications. We decided to include all types of publications because they may put forward interesting perspectives on the topics that may be otherwise underrepresented in the data. Further, including more publications in the corpus was expected to improve the results due to the probabilistic nature of LDA-based topic modelling. According to the J-Tool development team, the corpus analyzed using the method should include a minimum of 30 publications.
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Results
According to the J-Tool settings we specified, the topic modelling analysis on the corpus of 86 publications provided seven topics that were associated with living labs. The number of topics is a user-specified parameter where larger values will produce finer-grained, more detailed topics whereas smaller values will produce coarser-grained, more general topics. There is no single value that is appropriate in all situations and all datasets (Barua et al., 2012) . Thus, researchers need to choose the desired number of topics based on a calculation of the optimal number of topics (cf. Jeong et al., forthcoming) or based on the interpretability of the solution, or both. Interpretability plays a particularly significant role, as topic modelling may also result in "junk topics", which are uninterpretable topics that pick out idiosyncratic word combinations in the corpus (AlSumait et al., 2009). Following the example of Barua, Thomas, and Hassan (2012) , we tried the analysis with a various number of topics until we concluded that seven topics provided a solution that is easy to interpret and provides meaningful characterization and results. For example, an eight-topic solution provided similar results, but the additional topic was overlapping with another topic -a situation that Schmiedel, Müller, and vom Brocke (2018) recommend avoiding. Out of the 86 publications, 51 (59%) were single-topic publications and 35 (41%) were multi-topic publications; the latter we consider as "bridging articles" because they represent a link between topics. Table 1 shows the seven topics and their associated keywords; these keywords are listed in a decreasing order of relevance to each topic, and the J-Tool uses the first keywords (i.e., the words that have the highest relevance to each topic) to label each topic.
In Table 1 , certain keywords appear under several topics; for example, the keyword "innovation" is listed under the topics of Innovation, Living lab, Ecosystem, and City. Given that the output of the analysis provided by the J-Tool not only provides automatically generated labels for the topics but also details of the relevance of words to topics versus other topics (i.e., relation strength), we ensured that the provided labels are representative of the topics and that there are no overlapping topics that cannot be distinguished from the others.
In the following subsections, we discuss our subjective interpretations of each topic in the light of the articles that fall under that topic. We followed the guidance of Maier and colleagues (2018), who report that researchers often read through a sample of documents associated with a given topic in addition to the interpretation and labelling of the topic based on its top word(s). Hence, we drilled into the publications associated with the topics and, in particular, read the titles and abstracts of publications associated with the topics. Whenever in doubt, we also browsed the substantive contents. Of note, we were familiar with many of the included publications because we served as guest editors in their associated special issues. Thus, we were able to obtain insight of why the topic modelling tool may have associated a given publication with the specific topic, as well as subjectively identify subtopics under the topic. Put differently, drilling into the publications associated with the seven topics allowed us to better understand what each topic is about and how the subtopics comprise the topic when put together. After discussing the seven topics, we briefly report findings related to bridging articles. The first topic focuses on the design approach to living labs with three easily identifiable subtopics: 1) designdriven approaches to living labs (e.g., Brankaert & Ouden, 2017) , 2) design as a driver of innovation (e.g., Gray et al., 2014) , and 3) design of living lab methodology and processes (e.g., Mulder, 2012) . In general, design is a term defined and understood in different ways by different people. In our data, design-driven approach refers to adding design characteristics such as exploration and dealing with uncertainty in order to help living labs to better deal with complex problems. It also considers who the stakeholders are that should be involved in the living lab. Design as a driver is an approach that argues that design is a key factor in innovation and highlights the importance of users as co-designers. Design of living lab methodology and processes is a view that argues living labs are methodologies that need to be designed in a way that they provide experiences to participants, and thus become living and sustainable.
Topic 2: Ecosystem
The second topic focuses on the ecosystems approach to living labs, and it has three subtopics: 1) regional innovation ecosystems (e.g., Viitanen, 2016) , 2) global innovation ecosystems (e.g., Seppä, 2012) , and 3) open innovation ecosystems (e.g., León & Martinez, 2016) .
Regional innovation ecosystems view regions as areas whose innovation performance can be improved through collaborative initiatives such as living labs and the related ecosystem. Conversely, global innovation ecosystems discusses a new era of knowledge institutions building globally distributed living lab ecosystems to meet global innovation needs. Finally, the open innovation ecosystem focuses on the challenges and opportunities for the tertiary educational sector to partake in novel open innovation ecosystems such as living labs. Common to all of these subtopics is that the described ecosystems include or build around regional universities.
Topic 3: City
The third topic clearly focuses on the use of living labs in the urban city context. The topic has three subtopics: 1) cities as collaborative innovation platforms (e.g., Tukiainen et al., 2015) , 2) urban living labs (e.g., Juujärvi & Lund, 2016) , and 3) smart city development (e.g., Khomsi, 2016) . Cities as collaborative innovation platforms focuses on the role of the city in innovation and the uses of living labs for collaborative innovation. Typically, the idea is to develop the city and improve the lives of its residents, businesses, public sector or-ganizations, and others such as tourists. A very specific goal for a city's development through living labs is that of becoming a smart city.
Topic 4: University
This topic builds upon a large number of editorials of special issues related to living labs and other collaborative forms of innovation. Moreover, it includes other types of university-driven activities such as public lectures on innovation and entrepreneurship organized by the university. Although some editorials only briefly mention living labs, for example, because of announcing a forthcoming issue on living labs, other editorials discuss them in more detail. Three main subtopics in the corpus are: 1) research advances on living labs (e.g., McPhee et al., 2017b) , 2) universities as knowledge mobilization platforms for innovation (e.g., McPhee, 2016), and 3) entrepreneurial practice and experiences using collaborative innovation (e.g., McPhee, 2014) . In this respect, the topic does not introduce a specific perspective to living labs, but likely reflects the university's key role in knowledge dissemination of research related to living labs and other collaborative innovation to scholarly and practitioner communities. That said, it should be noted that TIM Review editorials commonly introduce authors and their institutions and, hence, the term "university" comes up multiple times in each editorial. While this fact supports the view of universities and their scholars as disseminators of knowledge related to living labs, it also weakens the interpretability and validity of this topic.
Topic 5: Innovation
The fifth topic addresses the use of living labs by companies and other organizations for innovation. The main subtopics are: 1) the challenges of using living labs (e.g., Westerlund & Leminen, 2011) , 2) the benefits of using living labs (e.g., Niitamo et al., 2012) , 3) the perceived experiences of using living labs (e.g., Ståhlbröst, 2013) , and 4) the management of living labs (e.g., Katzy & Bücker, 2015) . In essence, these subtopics describe the motivation and expected value of getting involved in innovation through living labs, as well as the management and coordination challenges of conventional development projects versus the open innovation model. Management is discussed in terms of activities and processes ensuring innovation performance and economic sustainability of the living lab.
Topic 6: User
This topic focuses on the quintessential role of users in living lab experiments. The subtopics within the topic are: 1) managing user involvement in living labs (e.g.,
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timreview.ca Mika Westerlund, Seppo Leminen, and Mervi Rajahonka Schuurman & De Marez, 2012) , 2) understanding user dropouts in living lab experiments (e.g., Georges et al., 2016) , and 3) the real-life environment of user as a context for innovation (e.g., Coorevits & Jacobs, 2017) . The first and second subtopics discuss how to increase the likelihood that a user will remain involved in innovation throughout multiple phases of the process. In addition, real-life environment refers to the intense user-system interaction in a real-life context as a key to successful user input during the process.
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Topic 7: Living lab Finally, the seventh topic examines the living lab itself to understand what living labs and their defining characteristics are. The subtopics are focused on providing taxonomies, typologies, and categorizations: 1) the characteristics of living labs (e.g., Steen & van Bueren, 2017) , 2) living labs as a type of user innovation methodology (e.g., Almirall et al., 2012) , 3) living labs as open innovation networks (e.g., Leminen et al., 2012) , 4) categorization of innovation tools in living labs (e.g., , and 5) classification of the environment in living labs (e.g., Bergvall-Kåreborn et al., 2015) . Characteristics of living labs can be used to categorize true living labs from improperly labelled living labs. Living labs, as a type of user innovation methodology, categorize different user innovation methodologies and explain how living labs differ from other methodologies. The network view considers living labs as networks to categorize different living labs based on their driving actors. Categorization of innovation tools suggests a new typology of living labs based on their innovation process characteristics and usage of tools. Finally, classification of the environment views living labs as places and spaces where innovation happens.
Bridging articles
As mentioned previously, more than 40% of included publications were multi-topic publications, or "bridging articles". The analysis revealed 11 combinations of topics; most of them were a combination of two topics, and one was a combination of three. It turned out that 7 out of these 11 combinations included Innovation as one of the topics. In fact, Innovation was connected with all the other topics and such combinations covered 77% of the bridging articles. This is not surprising given that the topic of Innovation was found to discuss fundamentals of using living labs for collaborative innovation. Another non-surprising topic that showed up in various combinations was that of University. Again, this is expected given that the majority of publications falling under this topic were editorials or other non-research article publications emphasizing the role of university in disseminating knowledge. However, we consider the possibility that most of the authors mentioned in the editorials were academics and therefore the word "university" often appeared in the editorials. That said, the role of university is visible even in the basic definition of living labs, which emphasizes them as public-private-people partnerships (cf. Leminen et al., 2012) ; in fact, universities typically represent a key public sector participant. Figure 1 visualizes how the seven topics and their associated publications are constructed and interlinked. The large nodes in the illustration are topics and each small node is a publication; those small nodes that are connected to only one topic are single topic publications reflective of that specific topic, whereas those that connect two or more topics are bridging articles. The J-Tool allows the researcher to easily identify any of the articles by simply hovering the mouse pointer on nodes. Further details are then given in an output table that helps to report the results. The TIM Review is represented by the centre of the illustration because it is what connects the topics. As said previously, we also opted for variable length links to reflect article to topic loadings in the illustration; however, a brief investigation did not reveal anything interesting in terms of those nodes that have short links versus those that have long links. Thus, we decided to leave a more detailed analysis of variable link lengths outside of the scope of this article.
Trend Analysis
Similar to McPhee and co-authors (2017a), we use the degree of association of documents to a topic over time to reflect overall trends in topics. Figure 2 shows the overall trends of the seven identified living lab topics in the TIM Review from October 2011 through October 2017. Of note, although the vertical axis (i.e., relative strength of association) does not show the count of words or articles, it does reflect the popularity of the topics in the journal issues and publications over the examined six years period of time. Further, although an analysis of statistical significance would add credibility to the trend analysis (cf. Choi et al., 2017) , the output did not provide accurate, usable data for such calculations. However, the output enabled us to estimate values to calculate an increase index as suggested by Sun and Yin (2017) . Drawing on their idea of increase index formulation, we used estimates of the document-totopic relevance from the first two years (2011-2012) and the last two years (2016-2017) of the examined period 46 timreview.ca Mika Westerlund, Seppo Leminen, and Mervi Rajahonka in order to create an index. In short, our increase index r k shows the difference in the document-to-topic relevance for each topic between two time windows, and it provides numerical support for visual interpretation of the trends shown in Figure 2 . An index value in excess of 1.00 reflects an upward trend and lower than 1.00 indicates a downward trend. Further, values of 1.00 ± 0.05 suggest a stagnant trend; this accepted margin of error is especially due to potential inaccuracies in estimated values.
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As shown in Figure 2 , there are three kinds of trends related to the identified topics: decreasing, increasing, and constant. We report these trends together with their increase index values (r k ). To start with, University (r k =0.47) and Innovation (r k =0.73) are decreasing trends in terms of popularity. In particular, the decreasing trend of University is evident as its relative strength (reflecting popularity) halved in six years. Innovation faced a slightly smaller decrease, losing a third of its relative strength during the years. Then again, User (r k =5.80), City (r k =2.25), and Design (r k =1.88) are increasing trends. Interestingly, the trend reflecting the popularity of User in connection with living labs shows the highest growth. Whereas the relative strength for the topic User was almost non-existent and clearly lowest of the seven in late 2011, it had reached the third-highest rank by late 2017. Both City and Design doubled in terms of relative strength during the period. Finally, Living lab (r k =0.97) and Ecosystem (r k =1.00) seem to be constant trends showing little to no changes over the six-year period. That said, the relative strength of the Living lab topic is high throughout the period, which is not surprising given the topic's foundational nature. Mika Westerlund, Seppo Leminen, and Mervi Rajahonka 
Discussion
This study applied topic modelling analysis on a corpus of publications in the TIM Review published from 2011 to 2017 to examine how authors have approached living labs in the recent innovation management literature. To our knowledge, the TIM Review has published the largest number of special issues focused on living labs to date; thus, we considered that it can reflect the progress of the scholarly research in regard to living labs. Further, we drilled into the topics and examined the titles and contents of the articles that were associated with each topic. In this vein, our study combined textual mining techniques and bibliometric analysis to discover unseen patterns in a specific research field, as suggested by Nie and Sun (2017) .
We found that research related to living labs in the TIM Review can be categorized under seven broad topics: 1) Design, 2) Ecosystem, 3) City, 4) University, 5) Innovation, 6) User, and 7) Living lab. In addition, each topic includes various subtopics that, when put together, reflect the topic in a comprehensive way. Out of the seven identified topics, Ecosystem, University, Innovation, and Living lab reflect broader, more conceptual approaches to the phenomenon of living labs. These topics are essentially focusing on what living labs are by definition, who are being involved in the operations, and what the benefits of living labs are both in a broad sense and in specific. Conversely, Design, City, and User represent a more applied approach to living labs. In other words, these topics discuss how living labs can be designed and managed to overcome various challenges, how users as key participants should be handled, and how living labs can be applied to urban contexts in order to create value to stakeholders. Of note, our results are in concordance with those of McLoughlin and co-authors (2018), who performed various bibliometric analyses on datasets comprising publications with a conceptual or methodological focus on living labs. Although their study included articles from various disciplines and outlets (mostly computer and information science as well as engineering publications), their analysis revealed fairly similar topics, with "smart city" emerging among the most prevalent topics in terms of popularity and maturity. Our analysis using a different method and dataset also put the urban/smart city context among the top topics. In this vein, our results gain support from recent research applying bibliometric approaches in order to understand the scholarly field of living labs.
Interestingly, the trend analysis we performed on the topics suggested that the research emphasis in living Mika Westerlund, Seppo Leminen, and Mervi Rajahonka labs seems to be moving away from conceptual understanding of what living labs are, what types of living labs there are, and who are being involved in living lab ecosystems to practical applications of how to design and manage living labs and their participants, especially users as key stakeholders, in novel application areas such as the urban city context. We believe that, despite the yet emerging literature on living labs, there is nowadays a sufficient number of conceptually oriented studies on the fundamentals of living labs in order for scholars to move on to a deeper, more practically oriented level of research. In addition, there may be more empirical data for practice-oriented research available as the phenomenon of living labs matures. An aspect supporting the view that the fundamentals of living labs are quite well discussed in the literature is our finding of a large number of bridging articles that connect two or more topics. Almost all of the bridging articles combined either Innovation or University with another topic; the two being fundamental topics when we think of what living labs are and how they are defined. Our results add another dimension to the findings by McLoughlin and co-authors (2018) , who investigated trends in living lab research, including a number of pre-2011 publications, and found that there has been a shift from a technology focus to a social focus in the application and context of living labs.
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Furthermore, we believe that another reason driving the shift from conceptually oriented studies to more practically oriented studies on living labs is that there is a growing demand for practically oriented studies that can help newcomers in the field, namely inexperienced innovation and living lab managers seeking to build new living labs that are arguably a complex form of collaborative innovation. There are few practical guidelines on how to create and grow a living lab or how to manage its crucial processes. Newcomers to the field need advice, best practices, and lessons learned from others about what to do in order to maximize the success of their initiative and speed up innovation. That said, there is an increasing pool of knowledge and expertise accumulating, and this knowledge can be turned into research outputs. In particular, interesting research opportunities are arising as some living labs that have been operating for a long time are ending their operations, merging into new forms of collaborative innovation (cf. Claudel, 2018; Steen & van Bueren, 2017) , or establishing financial mechanisms to support their operations after the initial funding dries out.
Limitations and Future Research
Every research project has limitations. In this study, there are several limitations that may affect the generalizability of the results. First, the articles used in the analysis may represent a specific perspective to living labs. We only analyzed works published in one journal, namely the TIM Review. Although the journal has earned a strong reputation as a scholarly peer-reviewed journal that has published the largest number of special issues focused on living labs as of 2018, its focus on innovation management and the fact that many of the special issues were developed from papers published in innovation management conferences may have affected the approaches and views taken by the authors of the studied publications. It is possible that certain scholars of livings labs who represent another academic discipline beyond innovation management, such as sociology, may have produced interesting insights on the topic that are not represented in the TIM Review.
Second, the examined timeframe does not include foundational studies from the early period of living lab research, because the first article on living labs was only published in the TIM Review in late 2011. Until late 2011, the journal operated under another name and focused on the business aspects of open source software. However, a number of foundational articles were published on living labs prior to 2011 in other scholarly outlets, and including them in the study would enrich the results. In comparison, the bibliometric analysis of living lab literature by McLoughlin and co-authors (2018) comprised numerous pre-2011 publications, including some foundational papers. However, due to the utilized filtering criteria, they ended up with a narrowed-down dataset comprising mainly studies in computer and information science as well as engineering.
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Fourth, there are various limitations related to the topic modelling tool that we used. For instance, topic models are likely to vary based on the random seed that is required for the analysis. In the J-Tool, the seed is hardcoded in order for it to remain the same over multiple runs, thus allowing for replication of the analysis with similar results. In this vein, it can be considered a strength, because we could run multiple experiments without the fear of facing varied results due to the changes in the seed. On the other hand, if the seed were set differently in the first place, the results might be somewhat different. Moreover, the early version of the tool that we used did not provide the outputs that would add further credibility and accuracy to the analysis. For example, we were unable to calculate statistical significance for the identified trends.
Future research should apply topic modelling over a larger corpus of studies on living labs, potentially including the early (pre-2011) notions of the concept and reaching out to the most recent publications on the phenomenon. Although the early version of the J-Tool that we used was limited to the TIM Review publication database, the version under development can handle almost any article and many other types of data entry inputted into the analysis. In addition, the added features of the newer version provide the researchers with additional output and reporting tools, such as data required for statistical significance calculations, as well as word clouds and various illustrations showing document counts that may illuminate the contents and development of the identified topics in a richer and more accurate manner, and allow for a more descriptive discussion. 50 timreview.ca Mika Westerlund, Seppo Leminen, and Mervi Rajahonka Technology Innovation Management (TIM; timprogram.ca) is an international master's level program at Carleton University in Ottawa, Canada. It leads to a Master of Applied Science (M.A.Sc.) degree, a Master of Engineering (M.Eng.) degree, or a Master of Entrepreneurship (M.Ent.) degree. The objective of this program is to train aspiring entrepreneurs on creating wealth at the early stages of company or opportunity lifecycles.
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